The genetic nature of resistance to the beet cyst nematode (BCN) (Heterodera schachtii Schm) in oil radish was investigated. A segregating population consisted of 245 F 2 individuals derived from selfpollinated single F 1 plant of the radish cross 'Pegletta X Siletta nova' was used. Four oil radish populations and one Brassica napus cv. "Madora" as susceptible control were examined for the resistance to the BCN. The number of cysts found on the root system of radish plants and the attached soil were used for resistance criteria. The results showed that all F 1 plants appeared in the resistance parent classes, which reflected the dominant behavior of the resistant gene(s). A bimodal distribution was observed for the F 2 population. The F 2 individuals distributed in two discreet phenotype classes, complying with the assumption of monogenic dominant inheritance of the BCN resistance in oil radish.
INTRODUCTION
The beet cyst nematode (BCN), Heterodera schachtii Schm. is a widespread and serious threat parasite in beet and oil-seed rap cultivating areas of the world. The hostrange of this parasite includes many arable plant species. Horticultural crops belonging to Cruciferae (for example, Brassica sp, Raphanus sativus and Sinapis sp), Leguminosae (for example, Pisum sp) and Chenopodiaceae (for example, Beta sp) families were considered to be the most useful host-plants of H. schachtii Schm (Baukolh, 1976; Lange et al., 1990; Raski, 1950) . H. schachtii is a bisexual nematode and its multiplication is dependent on the development of the male and female nematodes.
The life cycle was described by Bridgeman and Kerry (1980) and Koliopanos and Triantaphyllou (1972) . The *Corresponding author. E-mail: m_a_ahmed@yahoo.com. Tel: (00966)544149300.Fax: (00966)26952364. first stage of the BCN development starts from the egg and contains the embryonic developments to form the first stage larva (J 1 larva) by the end of this stage. The J 1 larvae molt for first time and form the second stage larva (J 2 larva). The J 2 larva is the infectious phase of the H. schachtii Schm. Under the stimulation of the root substances of host plant, the J 2 larva hatches from the egg and penetrate the roots. Then, the J 2 migrate in the roots to search for suitable position to establish the feeding sites. Stepwise, the J 2 larva molts to perform the third stage larva (J 3 larva). In this stage, the male and female larvae are distinguishable. The males and females J 3 larvae do two extra molts for each to reach the sexual maturity stage. At this stage, the female takes the lemon shapes and white colour which is so-called nematode cysts. After fertilization, the adult males and females die while the egg remains survival in the females (cysts). The nematode cysts change to the brown colour at maturity or at the end of the nematode life cycle.
The mechanism of resistance to the BCN in oil-radish (R. sativus L.) and white mustard (Sinapis alba) is based on an alteration of the male: female ratio (Muller, 1985) and not to an inability of larvae to penetrate the roots or hypersensitive reaction that followed by necrosis and dying of the juveniles or adults (Levlivelt and Hoogendoorn, 1993; Muller, 1985) . High males to females ratio was observed in the resistant cultivars of S. alba and R. sativus. The shifted sex ratios in the BCN can be genetically ruled (Bridgeman and Kerry, 1980; Koliopanos and Triantaphyllou, 1972) and/or environmentally controlled (Muller, 1985) . Baukolh (1976) speculated that a major dominant gene controls the resistance to BCN in radish. Oil-radish (R. sativus L.) and white mustard (S. alba) are considered to be useful source of the resistance to BCN (H. schachtii Schm) (Baukohl, 1976; Mousa, 2004; Budahn et al., 2009) . With the aim to transfer the BCN resistance to the economic important crops as B. napus, sexual hybridization between B. napus and resistant S. alba, and between B. napus and the resistant amphidiploid hybrid xBrassicaraphanus (Raparadish, AARR, 2n = 38), has been carried out successfully (Lelivelt and Hoogendoom, 1993; Levlivelt and Krens, 1992; Voss et al., 1999) . The present study aimed to elucidate and study the genetic behaviour of the BCN resistant trait in oil radish,
MATERIALS AND METHODS
The F2 segregating population was produced by self-pollinating of a single F1 plant originating from the cross between two oil radish (R. sativus L.) cultivars 'Pegletta' (P1) and 'SilettaNova' (P2). 'Pegletta' and 'SilettaNova' are known to be resistant and susceptible cultivars, respectively, to the BCN H. schachtii Schmidt (Lelivelt and Hoogendoom, 1993) . Ten (10) seeds from each cultivar were planted individually in pots in the greenhouse. At the flowering stage, the individual 'Pegletta' plants, self-pollinated from the parent (as male, P1) were crossed to the manually emasculated 'SilettaNova' plants, and also self-pollinated from the parent (as female, P2) to form the F1 hybrid seeds. Five F1 seeds (selected from different crosses based on its performance in the progeny test) were planted individually in pots in the greenhouse. After formation of flower buds and before flowering, the plant panicles were isolated with paper bags and self-pollinated to produce the F2 seeds. Two hundred forty-five (245) seeds harvested from one F1 plant were used to represent the F2 population.
The resistance test was performed as described by Toxopeus and Lubberts (1979) , with some modifications. Seeds from the P1, P2, F1 hybrid, F2 and the Brassica napus cv "Madora" populations were germinated in Petri dishes on moist filter papers. Three (3) days later, a total of 290, 30, 80, 80 and 240 of the F2, F1 hybrid, P1, P2 and the B. napus cv "Madora", respectively, were transplanted with 100 cm 3 of an autoclaved soil and sand mixed medium (1:1 by volume). Soil medium was mixed with clay growing stone by ratio of 7:1. The boxes were subsequently arranged in 8 containers and placed in two growth chambers. The total number of seedlings per container was 90, distributed in 9 rows and 10 columns. Because of the restricted seeds of the F1 hybrid, 30 seeds were sown only in the first 3 containers (Table 1) .
The growth chamber programmed to provide 16 h lighting (5000 Lux) and 8 h darkness. The lighting (day) and the darkness (night) temperatures were 22 and 18°C, respectively. The soil temperature was 19°C (day) and 17°C (night). The following formula (Curi and Zmoray, 1996) was used to calculate the sufficient number of days for the nematode to complete one generation based on the soil temperature at depth 10 to 20 cm:
Where y is number of days to complete one generation, x represents the average soil temperature, k is the temperature degree of zero development of H. schachtii and it is equal 8°C and 465 represents the total heat units required to complete one H. schachtii generation. One (1) week after transplanting, each plant was inoculated twice with a suspension of pre-hatched Juvenile II (J2) larvae of the pathogen. The first inoculation was performed 1 week after transplanting and each plant was inoculated with 1000 J2 larvae (1 ml of the larvae suspension) on the right side of the plant place (approximately 2 cm from the plant base) at depth of 5 cm from the soil surface. One (1) day later, each plant was inoculated with 1000 J2 larvae on the left side of the plant and at the same depth. The infection was performed by 10 ml pipette. Six (6) weeks after the inoculation (exact number of days depends on the soil temperature), the plants were transferred with soil from the boxes into dishes filled with water and the plant development was observed. Poor developed plants were excluded from further analysis. Thereafter, the soil was carefully discarded from the roots. The root system (for each plant separately) was washed carefully from the attached soil. Then the plants were transferred into other dishes filled with water and the number of cysts on the periphery and the main roots was counted. Otherwise, the cysts number in the water was also counted and added to the cyst number on the roots to calculate the total number of cysts per plant. A binocular microscope was used to estimate number of cysts on the roots and in the water.
Generation means and variances were determined from individual plants within each experimental unit and pooled over replications. Variance components were estimated as follows:
Where, VP1, VP2, VF1 and VF2 are the variances of the parental, F1 and F2, respectively. Broad-sense heritability was estimated by the formula H 2 = VG/VF2 (Hanson, 1963) . The class intervals were estimated as one third of σ as described by Steel and Torrie (1980) .
RESULTS DISCUSSION
The number of adult females (cysts) attached to the root system of radish plants were used to asses the resistance to the BCN. The maximum and minimum cyst count for the resistant plants were 29 and 0 cysts with a mean of 4.12 ± 0.53, while it was from 56 to 349 cysts for the susceptible parent with a mean of 135.53 ± 7.2 (Table  2) . These results reflected the distinct genetic background between the two parents in the BCN resistance. The mean cysts number was 15.73 ± 1.68 for the F 1 plants which was the resistant parent (4.12 ± 0.53). All F 1 plants appeared in the resistance parent classes. These results indicated a dominant behavior of the BCN resistance gene(s), which was consistent with that reported by Baukolh (1976) . Concerning the distribution of the F 2 population, a bimodal distribution was observed ( Figure 1C ). There were two peaks corresponding closely to the peaks of the parental distributions ( Figure 1A) . The results showed that 74.7% of the F 2 plants had 0 to 27 cysts/plant, 10.2% exhibited 28 to 50 cysts/plant and 15.1% exhibited 51 to 250 cysts/plant. Clearly, small portion of the F 2 individuals contained a cysts number comparable to the susceptible parent. The F 2 individuals could be classified in two discrete phenotypes, since there was a drop distribution at the cysts class of 41 to 50 cysts/plant. The greatest portion of the F 2 individuals (204 plants) expressed resistance (0 to 40 cysts/plant). Fortyone (41) individuals had number of cysts comparable to the susceptible parent (contained from 41 to 217 cysts/plant). This ratio (204:41) did not deviate from the expected 3:1 ratio (X 2 = 1.75, P>0.1) of monogenic inheritance. These results suggested that the resistance to the BCN is governed by single dominant gene. These findings were in agreement with that observed by Baukolh (1976) . He speculated that a major dominant gene controls the resistance to BCN in radish. Cook and Rivoal (1998) reported that a major single gene is carried on chromosome 1 of the three wild sugar beet types Beta patellaris, Beta Procumbens and Beta webbiana and a second resistance factor is located on chromosome 7 in the two wild beet types B. Procumbens and B. webbiana. Dominant genes for resistance to other nematode species have also been observed. A single dominant gene was mapped at chromosome 6 in tomato (Lycopersicon esculentum) and was responsible for the resistance to three Meloidogyne species (Messeguer et al., 1991) . In wheat, a single dominant gene (designated Rlnn1) was mapped to chromosome 7 arm for the resistance to root lesion nematode Pratylenchus neglectus (Williams et al., 2002) . Likewise, two dominant genes conferred the resistance to cereal root-knot nematode (Meloidogyne incognita) in wheat (Estwood et al., 1994) . Garcia et al. (1996) mapped two dominant genes that control the resistance to the root-knot nematode (Meloidogyne arenaria) in peanut. Otherwise, continuous phenotypic variations were observed in several studies of other nematode species. Ling et al. (2000) reported that a polygenic behaviour of the resistance trait and/or the effects of some other minor factors during the resistance test may be responsible for the continuous phenotypic variations of the citrus F 1 hybrids tested for resistance to the citrus nematode (Tylenchulus semipenetrans). Garcia et al. (1996) suggested that one or few dominant genes are responsible for the resistance to root-knot nematode, M. arenaria in tomato.
The value of broad-sense heritability of the resistance to BCN was 0.125, which indicated the clear effects of the environmental factors on the resistance trait. Shepherd (1959) described the factors that affected the number of cysts attached to the plant root. The author observed that the experimental sites, sowing seasons and soil moisture and temperature significantly affected the range of cyst count per plant root. Curi and Zamory (1996) found that the number of days required for BCN to achieve the life cycle was depended upon the soil temperature. Moreover, they observed no development of the H. schachtii when the soil temperature was 8°C at depth of 10 to 20 cm. The mechanism of resistance to the BCN (H. schachtii Schm.) is considered to follow an induced resistance type (as most of the cyst-forming nematodes). This means that the nematode may penetrate successfully the plant root; however, it could not achieve its life cycle (Huang, 1998) . The induced resistance is attributed to the influences of plantpathogen relationships as hypersensitive reaction, hardened cell wall of resistant plants, accumulation of phytoaxlexins and pathogenesis-related proteins. In R. sativus, the resistance to BCN is based on the deviation of male : female towards the adult males and not to the hypersensitive reaction. The reason of increasing the males and decreasing the females may be due to the environmental conditions and/or genetic factors or the sex reversal of the BCN larvae. Otherwise, the food requirements for the females was observed to be 40 times more than that for males supporting the assumption of death of female larvae and a consequence necrosis at the larvae feeding sites (Lelivelt and Hoogendoorn, 1993; Shephered, 1959) .
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